DOL:10.11931/guihaia.gxzw201811025 


BAS PvDXS RA va EE RA 73 AM 
EHE, EMR, KAE, ARN UU 
d. TREE EG KEES She, XU 450046; 2. PREA AN EWIG ETT AE Well BREER Ds, AGI 450046) 
WE. TEREG SPANNE HY ETD Lee |, RRS PCR ARRENE 
KERR, FRET EIE BESK, RAD qRT-PCR I PYDXS TE BOKSER EIER Ke 
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TAER, MED FHA 78 040.47 D, FEAN 6.75, PvDXS 324-244 Transketolase C Zi 

FAIRA Transket pyr BE MIE, AUER AH, PvDXS BASHB. KAR DXS 
(SmDXS2, CrDXS2) EI ARBOR, Hl] PVDXS JRF IK DXS ER. qRT-PCR HT 

KH, PvDXS ERE PRAT RRA. ORBIT 7 PRAISE AREE 24 h Ji, 

GA; KLEE EER GAS ET Een, Hoe 6 BRIDE ADD SA RE Jes RKB EHI, HEP CaCl, SNP. 

SA Mb FE Je See Al A GA BR GE BAEK. PvDXS MEIN IAAP RIAA RAK, ANE 

HEESE IK, QTE ROU IF DER PYDXR 3& spo] 2 HERA A BGR EH EU E 

BRIA VALE BLE SET o 

KB: BH, PYDXS HEA, EAE, RANA 

HAAS: Q943 XRRR: A 
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Abstract: Specific primers were designed on the basis of transcriptome sequencing of Prunella 
vulgaris.The full-length nucleotide sequence of PvDXS was obtained by reverse transcription PCR 
and the bioinformatics analysis of the gene was conducted. The expression levels of PvDXS in 
different tissues and exogenous substances were detected by real-time quantitative PCR.The 
cDNA sequence of PvDXS contained the open reading frame which has 2181 bp and encoded a 
predicted protein of 726 amino acids with a theoretical molecular weight of 78040.47 D and a 
isoelectric point of 6.75. The protein has Transketolase C domain and Transket pyr domain. 
Phylogenetic tree results showed that PvDXS protein was closely related to DXS (SmDX5S2, 
CrDXS2) from Salvia miltiorrhiza Bge. and Catharanthus roseus, and it was inferred that PYDXS 
belonged to the class II DXS protein type. Tissue expression pattern analysis revealed that PvDXS 
gene in leaves was higher than that in ears and stems. After treated with 7 exogenous substances 
for 24h, the expression of the gene increased in GA; treatment group and decreased after treatment 
with the others. The expression level of the gene decreased significantly after CaCl2, SNP and SA 
treatment.The expression of PvDXS was variant in different tissues and varied greatly after 
treatment of exogenous substances, which laid a foundation for further study on the function and 
expression regulation of PvDXS in the synthesis pathway of terpenoid components of Prunella 
vulgaris. 
Keywords: Prunella vulgaris, 1-deoxy-D-xylulose 5-phosphate synthase gene, gene clone, 
expression analysis 

DXS EF MRE n] fie [dE FA 8 MEDE EEDXP 3&8), TEBUECR Bst (thiamin 
pyrophosphate , TPP){E Hl F, iZ Bf PATRZ URE, ES REIHE REA GIE ER DXPCE VRBES, 
2013). BESLEG RAHA, DXS FE DF HEY RR 3E s (Rodriguez-Concepcion &Albert, 2015). 
(KAS HA 3 PORERNE: TPP AAR, PEA MEES ERNS DE EG OSEE. HER N 
mA — BUR MEOS iK adaun et al., 2017). Querol et al. (2001 SEAR PEST HIK to BOB 
AA MK MIGE DXS WERTE. (EAR A RE, TERE LI DXS SER, MT 
FAA WEG RUSE AA BES, AnH DXS EARE, WENE 
Hetta HOA Bo Ot GRE EAE, 2018), MRT EAS DXS FEAT III 
Ei MS (Prunella vulgaris) HEKER ER, DEP REAA, RGSHRTHHH. JS 
EE SE DA, JEP WR eA ER}. Sun et al. (2014) ZMR H DXS H 
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RT-PCR RM Ei fih EP re BES AI DXS ZEA 
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PCR 4X (SERE Bio-Rad 4r] C1000 Touch Thermal Cycler), KJG Æ PCR [XX ES. Applied 


Biosystems 2H] Step One Plus). 
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1.2 RNA #55 cDNA REKER 
HARABE RNA EROGO HES EAS ZK RNA, 1 90S AG IERE Fa 


WküüxE RNA GEREP, CDNA [MA FACE RH. Thermo Scientific RevertAid First Strand cDNA 


Synthesis Kit ETT TRE, ELT-20?C 4H]. 


13 cDNA 44x 


Mes 28 BOGE Fe PRESSURE BOAS EL DXR EDS EE JU PA? AERE DX eT — 50] BERE 


(DXR-F, DXR-R)CE 1), UAE HERI Hr CDNA WER, HEATH 38: cDNA 2.0 uL, 2 x Es Taq 


E5| 77 


mix 10.0 uL, 10.0 pmol-L! 1E [815] 44 1.0 uL, dd HO 6.0 uL. 44473 20.0 uL. Jf 


FR: 95 °C TEE 1 min; 95 °C AYE 30 s, 60 °C Bk 30 s, 72 °C HET 1.5 min, 35 MAH; 
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Table 1 Primer used for the study 


EIER JEA C5' to 3") Sp 
Gene naming Primer sequence (5' to 3') Using 
DXS-F 5-ATGTCATCGTCTTGTGGAGTTATC-3' E [A] LE Gene cloning 


DXS-R 5'-ATGTTCGTCTTGTGGAGTT--3' 


ZF] pMD19-T RAE, HARME, HA PCR Pol SAO RA PE EEA TE = he EAE WIS 


qDXS-F 5'-CTTGCTCAAGGCTCCAACGG-3' “OE Æ PCR Real-time PCR 


qDXS-R 5'-GCCGGATTCCTCGACTCCAA-3' 
qactin-F 5'-GACCAGCTCTGCTGTGGAGA-3' RIE BA SAE 
gactin-R 5'-ATGGCTGGAAGAGGACCTCAG-3' Fluorescence quantitative 
reference gene 
14 EE EST 


ië ATEK TR PvDXS SED] K mi E ABET AE Mie Aa Pr. AA] ORF finder 


(http://www. bioinformatics.org/sms2/orf_find.html) 7£ 28 (F2) rJT BUD] cR; 3 AY DNAMAN 
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FE DANY AERE Ry EELS GMT 
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WS BERR ZR. mp AG 7 PO HY RE PyDXS SEAR MY AGAS IET SEY 


TRICE Ht PCR (quantitative real-time PCR, qPCR) fall, qPCR WA RIM PEZ: 2x SYBR 


Green PCR Master Mix 10.0 uL, QN Rox Reference Dye 0.1 uL, 1EJ I6] 5] 423373 0.4 uL, ME 


Bx cDNA 2.0 uL, RNase-Free Water 7.1 uL ZARN 20.0 uL. IEF: 95 °C MATE 20 


s Ja, HEIT 40 4 ff 995 °C, 1s, 56°C, 20s, 95°C, 1s), 60°C, 20s, 95°C, 1s. actin 
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2.1 PvDXS Aye 

Tics SL PE RLM PE REVELA, BE RNA CERTE BI cDNA. HK, PCR 
3739184] 1% 2000 bp AAAI HEL. ORF Finder #4) TE [3 EBERT Ee JE I CDS 
WHE, BRIT AIS R 1 AKA 2 181 bp HERAA, TAN PvDXS. 


ik: 1. PvDXS J&[5] PCR # 14774; M. DNA RE Marker. 


Note: 1. PCR amplification product of PvDXS gene ; M. DL2000 DNA Marker. 
1 RARE DXS SER sc Dt 
Fig.1 Cloning of DXS gene from PVL 

22 PYDXS 2A Agi 35 EA ER] AES RIP 
22.1 FR PE Wa 

ExPASy Proteomics ServerProtparam f£ 4x F2) lr EE AAFC P. MENIGE A Bi 
13 726 PAER, HEITEN 78040.47 D, FRADA 6.75. MATO 11002, BT 
2H FX : C34s7H5521Nos9O1035S300 45 4 FE fat RFE ALA sp + GWNA 77 A, AE Fai E 4&4 Arg + Lys) 
ABA, HEM ARES Ai. ERA PAU (Ala) E ERAH RAM MK 9.5%), HE 
Hr AWA (Gly) (5 EIR 9.2%), "EIER Cys) E TERI 12%. MEX PVDXS ER 
HITRE, RER: PvDXS BEA RUKKE RKRE 183 MRA BR IE 2.522, 
E 710 (MAA REME 2.332, BUKGEMYMEUNT SEK AR E, HEM SEK IE 
TA ED. 
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Fig. 2 Prediction of hydrophobicity of PvDXS protein 


2.2.2 WAH BL GE 4v 8027] BERK, 
38 xs WAM LE CLIENT, EX PVDXS x OLENA AH. SMART ZEZR RUIE 


PvDXS SAE BERLIN, zuikPvDXS & AHA Transketolase C Z& fd Fl 


Transket pyr 24 43K, A HIF 583 WE] 706 iz. 88 404 (LA 569 fr, XAR EAZIBE ALTRO 
WW ESS IPP £i Sy SS MJTDXP. synthase N), 3x —£& f 5i EE NING KS MANS o e E E] 


El W3E(E1_dh A) THU (Newman & Chappell,1999), 4) HI fT 38 82 PLA 367 or. 5 


Pfam 
Ei '"iransketoiase c 
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Fig. 3 PvDXS functional domain prediction 


223 PvDXS ERWE KERR TROU 

NJH NPSA server TEZR BU PYDXS RIBET — MAM aT, SRA: AE 
FI FH 36.919605 o- ie. 19.790 85] GETREE, 10.33% 85] B-FE AA RI 33.06% B5 AS POLI ES ti ZA PR, 
RAAR. Swiss-Model fEZE 4% fF HUME AHR, BRON PYDXS GAMES DXS 


E A(201s.1.A)ABIWAFEIA 49.1196. 


TE: AE. o Me; AE. WERE: RE. BA, EE. FORMU HH 


Note: Blue. Alpha helix; Red. Extended strand; Green. Beta turn; Orange. Random coil. 
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Al 4 PvDXS ER EE ky Tit 


Fig. 4 Prediction of secondary structure of PYDXS protein 


B| 5 PvDXS &A — 2 SU Tl 


Fig.5 PvDXS protein tertiary structure prediction 


2.2.4 BREER EIE RE F9) LET 


iit BLAST FF LET, MA NCBI AR HE P F3 FS Zr (Arabidopsis thaliala, AtDXS), 


¥}B (Salvia miltiorrhiza, SmDXS). TET(Catharanthus roseus, CrDXS). *§)K (Hevea 


brasiliensis, HbDXS). Hië(Medicago truncatula, MUDXS). EX(Zea mays, ZmDXS). + 


YA (Aquilaria sinensis , ASDXS) BE] (Vitis vinifera, VVDXS). (Sorghum bicolo, Sb)DXS), 


A R 2é(Alpinia officinarum, AoDXS). IRA (Ginkgo biloba, GbDXS). "or Wi #E(Physcomitrella 


patens, PpDXS). BY ^E Z& BEZE SE (Pyropia yezoensis, PVDXS), jilit(Elaeis guineensis, EgDXS)« 


JRA (Pinus densiflora, PADXS). JUIEFNPinus taeda, PIDXS). WFA (Pinus kesiya var. 


langbianensis, PKDXS). XU i (Bifidobacterium longum subsp. longum BBMN68, BIDXS) 


TUBAE (Escherichia coli,, coliIDXS)If] DXS HAF, & PvDXS E ELIT] S4 JERRY JE E 
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DNAMAN fti 


AUN EE RB], PvDXS RASHA, KA DXS(SmDXS2. CrDXS2)/R2X X A 


4T FEILER aT WT o 


Por, NIET IX DXS RAR, ix—287] DXS RAB SMART Wii IS IR 
HAE RM iziorko, 2011). PvDXS 5 SmDXS HE AE Er AOKALLPE, VEA RHEE 
E EXELAS ZR LAA SEGE, SAIL s PvDXS ERAS HbDXS EARRA GERY 


APE, F9] BLPEIA 73.7696, PYDXS ERAS 1 MEE AE BEN AS BI Ki: GDG (X)8E(X) 


201902.00057v1 


chinaXiv 


ChinaXiv& fERBTIJ 


4A(X)1INDN #1 1 “MEE NIERE EE WEK: DRAGX28PXD; ZR A FETE T n ERR. Nm ETE 
1 Berk 56 ARERR ISK CAN 7) 


BE XP-010938854.1 EgDXS 
80 ACT32136.1 ZmDXS1 
98 CAD22530.1 MtDXS 1 
OAP00232.1 AtDXS1 

100| 9g OAP04569.1 AtDXS2 


XP 001756357.1 PpDXS 
AAS89341.1 GbDXS 
100 a5 AlY22670.1 PkDXS 
100 ACJ67021.1 PtDXS 
67 AEK69519.1 AoDXS2 
ABF 18929.1 HbDXS2 
98 97 ACC54554.1 PdDXS 
is ABI35993.1 CIDXS2 
TO € POS 
100 ACQ66107.1 SmDXS2 
100 XP 002437810.1 SbDXS 
100 OAO90594.1 AtDXS3 
96 XP 002282428.2 VvDXS 
83 AFUT5320.1 AsDXS3 
EWM22144.1 PyDXS 
97 ACI45959.1 PpDXS 
ANKO05763.1 E.coliDXS 
ADQ01827.1 BIDXS 


0.05 
ik: JERIRIT APS SN NCBI Bae 
Note: Previous gene sequence number is NCBI login number. 
6 PvDXS ASABE 


Fig. 6 Phylogenetic tree of PVDXS 
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T: SAGE N ENORME Pr a TE ye Ps Wi S 7 Ja PX CUT Ese 
Note: Solid frame is thiamine diphosphate binding site;Dotted frame is transketolase 
domain;Arrow is plastid transport peptide cleavage site. 

7 PvDXS £ FF RIES 
Fig.7 PvDXS multiple alignment of DXR amino acid sequences 
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Fig. 8 Analysis of expression patternof PvDXS gene 
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Effects of seven exogenous substances on PvDXS expression 
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Fig. 9 PvDXS expression after treatment with exogenous substances 


7 A SEA ER KEER Js MT BORS EE LAER PvDXS FER IAE. GA; MHEG PvDXS 
WEKE ENE, NAAR) 32.8 fi. HR 6 PEAR PE ER KLEE PYDXS RIAU 
0.005~0.260, HEF CaCL.SNP & SA APA Ja ARE A AY ZETA RA S AS HI EA, HUGE TAA 


MgJA & ETH Ab EH. 
3 Wwe 


HRCA IERI 2 EE TE PE, LT SR, BR. ME RE 
MEURE, 8 5 BELL BEA ST ODE BAY IK TE FA Xiang et al., 2007). DXS Æ 


qi SL A FG 2-C- FA E-D- ZR NE RE -4 9: (2-C-methyl-D-erythritol 4-phosphate, MEP) 384% 


PAPER BETE AL, (ELE PS BRP 3-BERZ- HET 


(Krushkal et al., 2003). Zhou et al. (2016) INF} 


IE ACH 


EMS IST OR e RAY CE FP a] DXP 


BERR TEKSE Sm DXS1 RI Sm DXS2, 


JANI SE BEB, FOES u mol." MeJA KRUPA ARIE 24 h Je, HA RY 


FDI ARGS EIE 5.25 fi. H5 DXS 3E 


EX E XA 7k AF X IE fH X (Sharma et al., 2015). HA 


JFILRGRGA DATE St DXS1 ZED HERAT Hr PER ae RIKA DK AAR] Henriquez et 
al., 2016). 12054& 8] DXS Ji i 245 NORD TS BE RE BE HR FL a YOR HSH, 


GUNS. 

WESTE BA DXS FERIA AAA REE, 3806 DXS ERE ASR AUR HE ik 
BEER, HAIR 4B LAS E RIKA ES (Sawitri &Wallie , 2005). AIA qPCR FLAX EES EER, 
Ee VEL GRIP OIE Sias ON BEAR ZEA PvDXS FELICE NAA RIA 
RA, (HEK BE FREEK. PvDXS EKRE PARI ACP BG, FAR eA BAY 753.2 
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eva 
Ho 
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TR Fe UIE AR: HAT DXS ZEA DXS I. DXS II A DXSIT= X GK FE, 2018), 
FRAC MT LAN PvDXS ERENS KEEP BOBO SS IE DXS & A CSmDXS2. CrDXS2) 
ERK ABR, EIN PYDXS BT I X DXS ER. DXSII SA n] 2 8 P RE GE HK 
AARP, WB] PvDXS ‘GRATER ORE SEIL MS BRIG. KEWAKH DXS 
FETA IN eX Be LURE Re EAH, W Munoz-Bertomeu et al. (2016) PŽ T TE 
RUNE PES XS HW SF DXS EP S SEH A IN IG SEE. GA S ABRE 
JA PvDXS WEE EMS, WYNE 32.8 fi. HG 6 PANETE IR KEER PvDXS X i 
AE DR B] dex FL 8 T frt BUE FH. Gong et al. (2006) HEN MeJA Al ASA IMAME R 


TE 
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NY 


PARAS ABH AM GbDXS RIS EIERS. Murcia et al. (2016) Xt ami GA, Jei BE 
BRED EIN, HEM GAS DIR AY RE VOE TO MG PR. EAk, 
SNE GER BOSE IE RI JsDXS BUIK EE Sz ^E VUES WIES, HR EES, 2014) 
HR 6 PSNR TIK N PYDXS RIE —GE HUGE FH RTRE ES JURE AR. SWAER MEP Ek 
DXS ol ES Aa HIM SE BID) EE Gad SA 
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